background: The aim of the study was to explore the effect of first-trimester mifepristone-induced abortion (MA) on placental complications in subsequent pregnancy. methods: Two cohorts of nulliparous pregnant women were recruited in China during early pregnancy, one with a history of one MA and the other with no abortion (NA). Women were followed up until delivery.
Introduction
Ever since 1988, when mifepristone (RU486) was first registered for use in first-trimester medical abortion in France and China (Creinin, 2000; Wu, 2000) , it has been introduced and used widely to terminate unwanted pregnancies all over the world, including in numerous European countries, the USA and China. When used alone, mifepristone has a 65-95% effectiveness rate, which improves to 95% when used in combination with a prostaglandin (Healy, 1990) . Mifepristone has provided a safe alternative to surgical termination of pregnancy and the immediate side effects of mifepristone-induced abortion have been well-documented (Avrech et al., 1991; Donaldson et al., 1994; Say et al., 2002; Rørbye et al., 2004; Hamoda and Flett, 2005) . However, only limited information has been available on the long-term effects of early pregnancy abortion induced by mifepristone. In China, past studies indicated that 65.1% of women experiencing a mifepristone-induced abortion were nulliparous, most of whom would undergo pregnancy and delivery later in life (Yan et al., 2004) . Although recent studies in China and Denmark have not found increased risks of preterm delivery, low birthweight, stillbirth, neonatal death or malformation in pregnancy subsequent to a previous mifepristone-induced abortion (Chen et al., 2004; Virk et al., 2007) , other effects of mifepristone-induced abortion on the subsequent pregnancy have remained an important public health concern.
Literature has indicated that placental complications are associated with a prolonged third stage of labor, post-partum hemorrhage and uterus injury (Thomas et al., 1994; Zhou et al., 1999) . The effects of surgical abortion on placental complications of subsequent pregnancies have occasionally been reported (Lopes et al., 1991; Taylor et al., 1993; Zhou et al., 2001; Thorp et al., 2003) , and most likely a similar process of endocrine interruptions (reproductive hormones) and endometrium changes occurs in both surgical and mifepristone-induced abortions. We therefore investigated, in two cohorts of nulliparous pregnant women with histories of one mifepristone-induced abortion and no abortion, whether a mifepristone-induced early abortion in nulliparous women affects the placental complications of subsequent wanted pregnancies.
Materials and Methods

Subjects and data collection
With the approval of the institutional Ethical Review Committee, this study was conducted in a number of clinics in Beijing, Shanghai and Chengdu between June 1998 and March 2001. Nulliparas who were 20 -34 years old and who visited clinics for antenatal care before 16 completed weeks' gestation were eligible for the study if they had a history either of one firsttrimester mifepristone-induced abortion or no abortion, and were willing and able to give informed consent. Women with a history of surgical or spontaneous abortion, severe heart, liver, kidney or lung disease were excluded. Women with no previous abortion (NA) were frequencymatched proportionately, in 5-year bands of age (20-24, 25 -29 and 30 -34 years) , to women with one previous mifepristone abortion (MA).
At enrollment, information was collected by trained interviewers through a structured questionnaire that included demographic characteristics, lifestyle, reproductive history, medical history, current pregnancy status and, for women who had undergone one abortion, details on the previous induced abortion. Physical and other necessary examinations were conducted and recorded by obstetricians and/or midwives.
Women were followed up at 28 -30 weeks of gestation, at delivery and 4 -6 weeks after delivery, respectively. At the second follow-up, information was collected on the course and type of delivery, the duration of labor, and especially on placental complications.
Abortion regimens
In China, the commonly used regimens for mifepristone-induced abortion for the period in which the women's abortions had occurred were: (i) 200 mg administered orally in a single dose; (ii) 50 mg taken twice daily for 2 days; (iii) 150 mg administered in one dose; (iv) one 50-mg dose and one 25-mg dose taken daily for 2 days and (v) three 25-mg doses taken daily for 2 days (Wu, 2000) . Forty-eight hours after the first dose of mifepristone, either prostaglandin F 2 a (1 mg), was given, usually vaginally, or misoprostol (0.6 mg), was given, usually orally.
Statistical analysis
The main outcome variables included the following four placental complications: abruptio placenta was defined as the detachment of the placenta from its decidual seat before delivery of the fetus; placenta previa was defined as the location of the placenta over or near the internal os of the cervix, but was not excluded from the group of abruptio placenta; placenta accreta was defined as the abnormal invasion of the placenta in the musculature of the lower uterine; retained placenta was defined as the failure to expel all fetal membranes within 3 h of delivery (Benirschke and Kaufmann, 1990) .
Supervisors checked questionnaires for completeness and consistency, and then data were coded and double-entered with Epi info 6.04 at each center. Finally, data were integrated, logically checked and analyzed with SAS 9.1 at the Shanghai center.
We compared placental complications in labor in the MA group with those in the NA group. Study center and age were included in the adjusted Multivariate Logistic regression model. If data on any of the covariates differed between the MA and NA groups, the covariate was considered a potential confounder and was adjusted in the model. Subjects were further divided into subgroups, according to certain factors related to the previous induced abortion, and the incidences of placental complications of different subgroups were compared through stratified chi-square analysis.
Results
A total of 9856 pregnant women were enrolled in the study, corresponding to a participation rate of 95.6%. In this analysis, 493 records were excluded due to loss to follow-up (51), spontaneous abortion (251), surgical abortion (50), medical abortion (14), fetal death (28), stillbirth (48) and twins pregnancy (51). The results were, therefore, based on 9363 singleton live birth records, including 4673 in the MA group and 4690 in the NA group.
Background characteristics were comparable between the MA and NA groups except for education, residence and income. Mean ages (SD) of the MA and NA groups were 25.58 (2.39) and 25.51 (2.50) years, respectively. Women with no abortion history had lower incomes than women with a previous MA (P , 0.001), and more likely resided in rural areas (P ¼ 0.015) ( Table I) . Tobacco smoking, alcohol drinking, occupational exposure to toxicants, histories of severe diseases, the use of hormonal contraceptives and reproductive tract infections during pregnancy were rare and were not significantly different between the MA and NA groups.
The overall incidence rates of placental complications were 2.0% (92/4673) and 2.0% (92/4690), respectively, in the MA and NA groups (P ¼ 0.98). The risks of sub-types of placental complications are presented in Table II . After adjustment for center, age, education, occupation, residence, income, BMI and type of delivery, the incidence rates of placenta previa, accreta and retained placenta in the MA and NA groups showed no significant differences. However, the risk of abruptio placenta in women with a MA (22/4651) was nearly double that of women with no abortion (12/4678) (aOR: 1.88, 95% CI: 0.93 -3.82), although this increased risk was not statistically significant.
Factors related to previous MA were examined to explore whether they were associated with extra risks of placental complications, as compared with the NA group (Table III) . As with the overall analysis, the risks of placenta previa, placenta accreta and retained placenta were not different from those in the NA group, regardless of the women's age at abortion, hospital where abortion took place, interpregnancy interval, gestational age at previous abortion and curettage after abortion (data not shown). It was interesting, however, that, as compared with the NA group, increased risks of abruptio placenta were found in those MA subgroups with a gestational age .6 weeks at abortion (aOR: 2.46, 95% CI: 1.00 -6.04), a subsequent curettage (aOR: 3.00, 95% CI: 1.25 -7.20) or a longer inter-pregnancy interval (P-value for trend: 0.022).
Discussion
Studies on the short-term side effects of mifepristone have addressed its safety (Donaldson et al., 1994; Westfall et al., 1998) . Common side-effects of mifepristone are shivering, vomitting, diarrhea, abdominal pain, headache and/or dizziness (Mahajan and London, 1997) ; allergic or hemorrhagic shock, arrhythmia and convulsion occasionally occur (Zou et al., 2004) . However, few studies have investigated the long-term side effects of mifepristone-induced abortion. Virk et al. (2007) recently reported that medical abortion did not increase the risk of spontaneous abortion, ectopic pregnancy, preterm birth or low birthweight in their study. These results are similar to our previously published data (Chen et al., 2004) .
In this present study, however, while risks of placental complications in the MA group were similar to those in the NA group, we found that a gestational age .6 weeks at previous MA, a curettage after MA and a longer inter-pregnancy interval significantly increased the risk of abruptio placenta in the subsequent pregnancy.
Possible effects of surgical abortion on the placenta have been previously reported. Taylor et al. (1993) found a strong association between a previous spontaneous or induced abortion and the subsequent development of placenta previa. Zhou et al. (2001) found a higher risk of retained placenta in women who had had one abortion, but only when followed by a short pregnancy interval, and this association was weak. Lopes et al. (1991) has recently found an increased incidence of retained placenta only in a subgroup of women with three or more previous induced abortions. These ambiguous results may be due to different control groups, selection bias and differential or non-differential misclassification of the exposure. However, few studies on mifepristone are available to corroborate our results.
Mifepristone is an 11 beta-dimethyl-amino-phenyl derivative of norethindrone with a high affinity for progesterone and glucocorticoid receptors. Mifepristone can effectively block the binding of progesterone to the corresponding receptor in the placenta, resulting in the termination of pregnancy (Mahajan and London, 1997) . The use of mifepristone as an inducer of abortion is associated with both endometrial hemorrhage and extracellular matrix (ECM) degradation. Such processes reflect reduced perivascular decidual cell hemostatic and increased ECM-degrading protease activity (Papp et al., 2000) . Injury to the endometrium caused by mifepristone might induce the onset of the self-repair process. However, the use of mifepristone at a gestational age of .6 weeks or curettage after medical abortion might cause more serious injury to the endometrium. If the degree of injury exceeded the capacity for self-repair, there may be an irreparable long-term effect. Abruptio placenta may be one manifestation of such injury.
Our results appear to contradict the usual expectation that a shorter interval between abortion and subsequent pregnancy increases the risk of abruptio placenta (Zhou et al., 2001) . One plausible explanation is a prolonged inter-pregnancy interval may result from sexually transmitted infections (STIs) or other negative health conditions, which may also give rise to placental complications. However, our current data did not permit the examination of this hypothesis.
Placental complications have been reported as associated with a prolonged third stage of labor, post-partum hemorrhage and uterus injury (Thomas et al., 1994; Zhou et al., 1999 abortion has been as high as 25.4%, much higher than that in other countries (Borgatta et al., 2001) . Because of varying protocols and different waiting periods for medical abortions, a uniform scheme for defining failure and analyzing efficacy has never been fully articulated or adopted (Trussell et al., 1999) . This is an important detail, for it suggests that some patients may be undergoing an unnecessary curettage even after a successful expulsion. The study attained an almost complete follow-up. The independence of interviewers from investigators has in part reduced differential misclassification. In China, induced abortion is a legal and acceptable medical practice and has no conflict with the traditional culture. Therefore, it is less likely that women would under-or overreport their abortion history. Although most variables in the questionnaire were explicitly defined, non-differential misclassification may exist. However, we would not expect this to magnify the odds ratios presented. Although most potential confounders were collected and adjusted for by multivariate analyses, residual confounding could not be totally ruled out. The subjects of this study were all nulliparas, and women in the MA group had undergone only one abortion, so that it is not possible to comment on the influence of two or more mifepristone-induced abortions. The current comparison of women with a previous mifepristone-induced abortion and women with no previous abortion may at least partly imply a comparison of women of gravidities 2 and 1, since gravidity itself can to some extent influence outcome of pregnancy. However, the potential confounding effects of gravidity on outcome of pregnancy may bias the results toward a decreased risk in pregnancy outcome in women with a previous mifepristone-induced abortion, given that the influence of gravidity on pregnancy is similar to that of parity, and that primigravidae are at higher risk during pregnancy (Bai et al., 2002) . Although with the use of a surgical abortion group would enable comparisons of equivalent gravidity between groups of surgical and medical abortions, the potential adverse effects of surgical abortion on placenta complications make the comparison not a flawless one.
Our data did not provide evidence that a previous mifepristoneinduced abortion was itself associated with placental complications in subsequent pregnancy. However, other factors related to medical abortion-such as a gestational age .6 weeks at abortion, a curettage after abortion and a longer interpregnancy interval-may increase the risk of abruptio placenta. Still, the limited capabilities of sub-analysis with regard to testing statistical significance clearly require that these results be corroborated in further studies.
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